found that urease is inhibited by small amounts of ascorbic acid and that this inhibition is eliminated in the presence of cysteine. Quastel (1943) suggested that the inhibition was due to a reaction between dehydroascorbic acid and an -SH group of the enzyme, and that the protective effect of thiol compoundcls was due to the fact that they reduced dehydroascorbic acid. Giri & Seshagiri Rao (1944) , however, did not find that dehydroascorbic acid inhibited urease, and since they observed that there was no inhibition of the enzyme by ascorbic acid in the presence of substances which form complexes with copper (8-hydroxyquinoline and diethyl-dithio-carbamate), they suggested that the inhibition might be due to the formation of intermediary substances like Cu2O, produced during the oxidation of the vitamin. Our experiments show that neither ascorbic, nor its oxidation products, dehydroascorbic acid or 2:3-diketo-gulonic acid, themselves inhibit urease. Ascorbic acid and 2:3-diketo-gulonic acid, however (but not dehydroascorbic acid), act as inhibitors in the presence of Cu++. Cu+ inhibits urease to a much greater extent than does Cu++, and the increased inhibition observed when ascorbic acid is added to a solution of the enzyme containing Cu++ is due, it is therefore concluded, to the reduction of Cu++ to Cu+.
METHODS
Reagents. Salts were A.R. and glass-distilled water was used for all solutions. Copper was added either as chloride or sulphate.
Urease. Two types of enzyme preparation were used. The first was crystalline urease prepared according to the method of Sumner (1926) . The second was made by extracting 1 g. of Arlco jack bean meal with 40 ml. of glassdistilled water; insoluble material was separated by centrifuging and the centrifugate dialyzed for 24 hr. against glass-, distilled water at 0°. The former preparation is referred to in the text as crystalline urease and the latter as dialyzed enzyme. No major differences were observed in the behaviour of these two enzyme solutions.
Ureawe activity. The activity of the enzyme was tested by its reaction with urea in phosphate buffer (pH 6.8), con- taining 5-4% (w/v) Na2HPO4 and 4-2% (w/v) KH,PO4.
Each 10 ml. of reaction mixture contained 5 ml. of buffer solution, the appropriate amount of enzyme, and 1% (w/v) of urea. Samples for analysis were removed at intervals over a period of 20 min., the reaction was arrested by the addition of HCI, and the ammonia formed estimated either by Van Slyke & Cullen's method of aeration or by nesslerization. The concentration of enzyme used was adjusted so that within a period of 20 min. about 1-1-4 mg. of NH3/ml. of reaction mixture was formed.
Ascorbic acid and related substances were added to a solution of total volume 9 ml., containing 5 ml. of the phosphate buffer and 1 ml. of a suitable concentration of urease solution. The enzymic activity was then tested as described, at any given time, after the addition of 1 ml. pyrophosphate, or sodium diethyl-dithio-carbamate, reagents which are known to form complexes with copper. The most probable explanation of this apparent anomaly is that, on purification of the enzyme, substances like thiol compounds and proteins, which are able to form complexes with copper, are removed. Thus with the crude enzyme any traces of copper present in the reagents are rendered inactive, but this is not so in the case of the pure enzyme, and the copper is thus able to exert its full effect.
The results also indicate that the magnitude of the inhibitory action of ascorbic acid is conditioned by, and increases with, the concentration of Cu++ (Table 1 , tests 2, 3 and 5).
Exp. 2. Inhibition under anaerobic and aerobic conditions. On the basis of the suggestion advanced by Quastel the function of copper would be to catalyze the aerobic production of dehydroascorbic acid from ascorbic acid. The results of experiments (Table 2 ) suggest that such an explanation is unlikely. Ascorbic acid was added to urease in the presence of Cu++, and the solutions left for periods varying from 0 to 90 min. before testing the activity of the enzyme. The inhibitory effect was found to be as marked under anaerobic as under aerobic conditions, despite the fact that the oxidation of ascorbic acid and formation of dehydroascorbic acid was largely prevented in the former case. However, anaerobic conditions will not prevent the reduction of Cu++ by ascorbic acid and the possibility existed that the small amounts of dehydroascorbic acid (< 0.025 pg./ml.) so formed might have been sufficient to account for the inhibition.
Exp. 3. Inhibitory effect of 8ub8tance8formedfrom dehydroaccorbic acid. This possibility was disproved on finding that when a solution containing dehydroascorbic acid was added to urease in the absence of copper there was no inhibition, even after the dehydroascorbic acid had been left in contact with the enzyme for periods up to 2 hr. before the test of activity (Table 3 ). In the presence of copper, however, inhibition increased with the length of time the enzyme had been previously left in contact with the dehydroascorbic acid. With ascorbic acid under similar conditions the maximum inhibition was attained after a period of less than 1 min. (cf. Table 3 ). This delay in obtaining maximum inhibition with solutions of dehydroascorbic acid might be attributed to either a slow reaction between the acid and the reactive group of the enzyme, or the slow production of an inhibitor from it. The delay could not be explained by the former hypothesis, for the inhibition was almost as great when the dehydroascorbic acid solution, after standing 1 hr., was added to the enzyme, as when the enzyme was left in contact with the dehydroascorbic acid solution for 1 hr. (Table 4 , test 1). These results suggested that dehydroascorbic acid itself, even in the presence of copper, does not inhibit urease, but a product formed from it is responsible for the effect.
Copper was not necessary for the formation of the inhibitor from the dehydroascorbic acid, although it was necessary for the reaction between the inhibitor and the enzyme (Table 4 , test 2).
Exp. 4. Correlation between rate of decompo8ition of dehydroascorbic acid and development of inhibition. The conclusions reached in the last section were confirmed by an experiment which established that there was a close parallel between the extent of decomposition of dehydroascorbic acid and the development of inhibitory power.
10 ml. of a solution of dehydroascorbic acid in 0-05M-phosphate-citric acid buffer, pH 3-5, were added to 90 ml. of a solution containing 50 ml. of phosphate buffer, pH 6-8, to give a final concentration of dehydroascorbic acid of 5 mg./100 ml. and a pH value of 6-4. This solution was allowed to stand at room temperature and at intervals 1 ml. was added to the enzyme solution in phosphate buffer (pH 6-8) containing copper (lpg./ml.). After 2 min. urea was added and the enzymic activity determined. Samples of the dehydroascorbic acid solution were also analyzed by reduction with H2S, to determine the rate of decomposition of the dehydroascorbic acid.
The results (Fig. 1) show that a substance is formed from dehydroascorbic acid which, in the presence of copper, causes inactivation of the (Fig. 2) as the ascorbic acid was converted to dehydroascorbic acid the inhibition first diminished, but subsequently increased. As the previous experiment showed, this increase could be correlated with the formation of 2:3-diketo-gulonic acid.
Exp. 6. Inhibition by 2:3-diketo-gulonic acid and 2-keto-gulonic acid. Confirmation that the oxidation product of ascorbic acid, which caused the inhibition, was 2:3-diketo-gulonic acid was obtained in experiments in which pure preparations of this acid were used (Table 5) . Diketo-gulonic acid only acts as an inhibitor in the presence of copper but is less effective than ascorbic acid in an equivalent amount (Table 5a ). With the related compound, 2-keto-gulonic acid, there was appreciable inhibition only in relatively high concentration.
Exp. 7. Role of copper, and comparison of inhibition by Cu++ and Cu+. Since ascorbic acid readily reduces Cu++--. Cu+ it seemed worth while to ascertain how far the inhibitory action of ascorbic acid could be correlated with this reaction. The effect of equimolecular amounts of Cu++ and Cu+ salts was, therefore, examined.
All solutions were first freed of 02 by the passage of 02-free N2. Stock solutions of CuCl2 and CuCl were prepared by dissolving the required amount of the salts in 2N-HCI. To a solution containing 5 ml. of phosphate buffer (pH 6 8) and 1 ml. of enzyme solution, made up with water to a volume of 8-9 ml., 0-1 ml. of either the Cu++ or Cu+ solution was added. Parallel experiments were also set up in which ascorbic acid was present. To the control solutions 0.1 ml. of 2w-HCI was added in place of the copper solution.
The enzyme was left in contact with the Cu+ or Cu++ and ascorbic acid for 1 min. before the addition of urea. The reaction period in these experiments was 5 min. 02-free N2 was passed through the solution throughout the period of test.
The results (Table 6 ) indicate (1) that Cu+ ions, in equivalent concentration, have a much greater also show that ascorbic acid has no additional inhibitory influence when added to a solution containing urease and a cuprous salt. These facts are most simply explained on the assumption that the inhibitory action of ascorbic acid in the presence of Cu++ isJdue to the reduction of Cu++__. Cu+, with a consequent increase in inhibitory power.
Exp. 8. Protection and reactivation of urease by thiol compounds. Both cysteine and glutathione protected the enzyme against inactivation by either Cu++ plus ascorbic acid, or by Cu+ alone (Table 7 a ). This effect is no doubt due to a reaction between the copper salt and thiol group, whereby the -SH group of the enzyme is protected. Hellerman, Perkins & Clark (1933) showed that urease inactivated by Cu20 could be reactivated by treatment with H2S. We have found that the inactivation of urease, either by Cu+ or by Cu++ plus ascorbic acid, can be reversed by H2S.
Solutions of the enzyme in phosphate buffer (pH 6 8) were first freed of 02 and the enzyme inactivated by the addition of either CuCOl plus ascorbic acid, or CuCl. After standing 2 min. at 20°, H2S was passed through a sample of the inactivated enzyme solution for 5 min. Urea was added at once and the enzymic activity determined. A control solution was treated with H2S: there was no increase in the activity as a result of the H2S treatment.
The results show that complete reactivation in both cases was obtained. Cysteine in place of H2S gave a similar result (Table 7 b ).
Exp. 9. Influence of other metallic salts. The effect on urease of ascorbic acid in the presence of small amounts of Ag+, Au+++, Hg++ or Fe+++ ions is shown in Table 8 . Except in the case of Au+++ the addition of ascorbic acid caused little or no increase in the degree of inhibition. Although the inhibition of the enzyme by Au+++ alone was equal to that caused by Cu++ (cf. Table 1 , tests 2 and 3), the increase in the inhibition on addition of ascorbic acid was less than the corresponding effect with Cu++. The toxicity of Hg++ was reduced by the addition of ascorbic acid. In equivalent concentrations Hg++ inhibited more than Hg+ (Table 8a) ; the reduced toxicity of Hg++ salts in the presence ofascorbic acid was presumably due to the reduction of Hg++--> Hg+. Other metallic salts were tested, and the results showed that in solutions containing Zn++, Sn++++, Pb+ or Co++ in a concentration of 0 016mM., ascorbic acid had no inhibitory action on urease. (Hellerman, 1937 (Hellerman, , 1939 *cid Inhibition Hellerman, Chinard & Dietz, 1943 In a recent paper (Gibson & Harrison, 1945) we described the preparation of a stable artificial standard solution which matched the absorption spectrum of blood in 0-1N-NaOH over a considerable range of the visible spectrum. In order to assign a haemoglobin value to this solution for use in the estimation of blood haemoglobin, we standardized it against samples of normal male blood of known oxygen capacity and iron content. It was found that the haemoglobin values of the blood samples determined by oxygen capacity measurement were slightly, but consistently, lower than those obtained by iron estimation, a finding which agrees with results which have been obtained by others, for example, Macfarlane & O'Brien (1944) . The latter workers, however, obtained results with blood samples from women which suggested that in them this relationship is reversed, the haemoglobin value derived from oxygen being higher than that from iron. They pointed out, however, that this result was unexpected and that their investigation had not been planned to determine the extent of any such sex difference. It seemed quite possible that if there were a systematic sex difference in the iron: oxygen ratio, there might also be a sex difference in the iron: colour
